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(54) Title: RYDROPHTLIZED FILTER CARTRIDGE AND PROCESS FOR MAKING SAME 
(57) Abstract 

To make hydrophobic membranes useful in aqueous filtration 
applications, the membranes are hydiophilized. But, in assembling 
filter cartridges, the hydrophilizing agents, effectiveness can easily 
be impaired if beat is applied in making the cartridge. This affects 
the integrity testing of the assembled cartridge. To overcome the 
apparent failure of a filter cartridge (20) in integrity testing in water, 

he edges of the membrane are rendered impervious to air flow. 

/he strip of filter membrane (23) is treated along each edge by 
laminating a nonporous strip (25) to the edge, or by densifying it. 
The membrane (23) is then treated with a hydrophilizing polymer. 
The treated membrane can then be shaped into the form of a 
cylinder, usually pleated, and then is thermally bonded at its ends 
to a filter cartridge support structure. Because the bonding occurs 
in the area impervious to air flow, the hydrophilic treatment of the 
other areas is not destroyed. The filter media is now able to pass 
the integrity test described above. 




c 



FOR THE PURPOSES OF INFORMATION ONLY 
applicaS^ftS StatCSPaityt0thC ^ 0nthC fr0nt ^ of P^P^ intentional 



C 



AT 


Anuria 


GB 


AU 


Acjtralia 


GE 


BB 


Batbadc* 


GN 


BE 


Belgium 


GR 


BF 


Bmrfcin* F*io 


BD 


BG 


Bulgaria 


IE 


BJ 


Benin 


IT 


BR 


Brazil 


JP 


BY 


BeUmt 


KE 


CA 


Canada 


KG 


CF 
CG 


Central African Republic 


KP 


- Congo 




CH 


Switzerland 


KR 


CI 


Coted'lvore 


KZ 


CM 


Catoeraon 


Li 


CS 


China 


LK 


CS 


Cxjpchoelovalria 


LU 


CZ 


Czech Republic 


LV 


DE 


Germany 


MC 


DK 


Denmark 


MD 


ES 
FT 


Spain 


MG 


Fmland 


ML 


FR 


France: 


MN 


GA 


Gabon 



United Kingdom 
Georgia 



Greece 

Hungary 

Ireland 

Italy 

Japan 

Kenya 

Kytgyuan 

Democrat^ People'* Republic 

Of JCOfM 

Republic of Korea 

K a aat h aua 

Lwchtenttein 

Sri Lanka 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

Maii 

Mongolia 



MR 


Mmrftatun 


MW 


Malawi 


NE 


Niger 


NL 


Netherkiida 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RQ 


Romania 


RU 


Ruaiian Federation 


SD 


Sudan 


SB 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United Suuea of America 


uz 


Uzbekistan 


w 


Viet Nam 



WO 96/14913 



-1- 



PCT/US95/01175 



10 



TITLE OF THE INVENTION 

HYDROPHILIZED FILTER CARTRIDGE AND 
PROCESS FOR MAKING SAME 

FIELD OF THE INVENTION 

This invention relates to a process for making integrity testable 
hydrophilic filter cartridges and to filter cartridges made by the process, 

BACKGROUND OF THE INVENTION 



( Filter media which are made of porous membranes are commonly made 

of a fluoropoiymer, which is a hydrophobic material. One such filter medium is 

15 made of stretched porous polytetrafluoroethylene. These filters are strong and 
chemically inert, making them desirable for use as filters. However, being 
hydrophobic, they are not as useful in aqueous filtration systems as desired. 
But because of their strength and inertness, it has been a goal to render these 
hydrophobic filter media hydrophilic so that they may be .used in aqueous 

20 systems. 

By "hydrophobic" is meant that a material referred to is resistant to 
wetting with water. By "hydrophilic" is meant that a material referred to is 
water-wettable. As applied to a description of filter media, the terms indicate 
whether the media is resistant to penetration by water or readily passes water 

25 through it. 

Q Ordinarily, the porous membrane used as the filter medium is treated 

with a hydrophilizing polymer and then the filter cartridge is assembled. It is 
common to use thermal sealing processes to bond the filter membrane to the 
cartridge housing. Typical materials of construction for these housings include 
30 polytetrafluoroethylene, or tetrafluoroethylene copolymers or other 

fluoropolymers or polyolefins. Thus, bonding temperatures may range from 
160°C to 400°C. 

In the regions next to and including these thermally bonded areas, the 
hydrophilizing polymer's effectiveness is significantly lessened by the heat, 
35 and the hydrophilic property of these areas is lost While this loss of 

hydrophilicity does not appreciably affect total aqueous liquid flow through the 
filter membrane, it does render standard aqueous integrity tests ineffective. 
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Integrity testing is performed in order to make certain that there are no 
pinholes in the membrane or defects at the bonding sites. Integrity testing for 
hydrophilic porous filter media is preferably carried out by completely wetting 
the pore structure of the membrane with water and applying air pressure to the 
cartridge. Air flow through the cartridge is then measured. If the measured 
flow is negligible, the cartridge is considered integral. If excessive air flow is 
detected, the cartridge fails the test Ordinarily this excessive air flow is 
attributed to a physical defect in the cartridge. 

However, in the case where treated membranes have lost their imparted 
hydrophilicity due to the heat associated with cartridge manufacture, the 
hydrophobic regions near the bonding sites will not be wetted by water. 
Therefore, these unwetted regions will allow air flow on the order of that which 
would typically be seen in a defective hydrophilic cartridge. Thus, an integral 
hydrophilic cartridge with no defects but some hydrophobic regions cannot be 
distinguished from a defective hydrophilic cartridge. 

Such a hydrophilic device can be integrity tested with a low surface 
tension fluid such as alcohol that will wet both hydrophilic and hydrophobic 
regions. This is undesirable because it requires introducing a contaminant, 
namely the wetting fluid which must then be flushed out. 

SUMMARY OF THE INVENTION 

To overcome this apparent failure of such cartridges in integrity testing, a 
strip of porous hydrophobic membrane is initially treated along each edge to 
render the area along each edge impervious to air flow through it This can be 
accomplished either by laminating a nonporous strip to the edges to prevent 
air flow through that area of the membrane or by densifying the edges in order 
to compress the material to the extent that the pores are eliminated. The 
material is then treated with a hydrophilizing polymer. The treated 
construction can then be shaped into any appropriate configuration for the 
filter cartridge and thermally bonded along the nonporous areas. Even though 
the thermal bonding has rendered the hydrophilic polymer ineffective at the 
bonding sites, the membrane does not allow air flow in those areas, so the 
filter cartridge is now able to pass the integrity test described above. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 depicts the procedure by which lamination of the filter 
membrane to the nonporous strips on opposite edges occurs, 
5 Figure 2a depicts the product of the lamination from the top and Figure 

2b depicts a side view of the product. 

Figure 3 is a cutaway view of a filter cartridge with the filter membrane 
inside. 

Figure 4 depicts a side view of a membrane in which the opposing edges 
10 have been densified as denoted by the crosshatching. 



DETAILED DESCRIPTION OF THE INVENTION 



The membranes that can be treated by this invention can be any 

15 microporous or porous material that is utilized for filtration purposes. These 
have continuous pores from one side to the other. Thus, by "porous" and 
"microporous" is meant that the membrane has continuous passageways from 
one side to the other, As long as continuous pores are present in the 
membranes, the method for forming such pores is not restricted to a particular 

20 method. For example, stretching {i.e., expanding), bubbling, extraction, and 
the like may be used. The membranes are usually hydrophobic and are 
usually composed of fluoropolymers such as polytetrafluoroethylene, or 
polyvinylidenefluoride or copolymers of tetrafluoroethylene. They can also be 
composed of polyolefins such as polypropylene and polyethylene. 

25 Preferably the starting membrane is a hydrophobic fluoropolymer. 

Stretched polytetrafluoroethylene is an especially preferred membrane It can 
have a porosity ranging usually from 15% to 95%, preferably from 50% - 95%. 

The hydrophilizing medium can be a solution of any hydrophilic polymer 
which when deposited on the surface of the hydrophobic membrane, raises 

30 the surface free energy of the membrane so that it becomes more wettable by 
water. The requirements that must be met by this system are that the solution 
concentration be appropriate to the pore structure of the membrane being 
treated and that this membrane be readily wetted by the solvent. If the 
membrane is not directly wetted by the solvent, appropriate pre-wetting of the 

35 membrane should be accomplished so that the membrane will readily receive 
the hydrophilizing solution. 

One type of hydrophilizing polymer that can be used is a copolymer of a 
fluorine containing ethylenically unsaturated monomer and a non-fluorinated 
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vinyl monomer containing a hydrophilic group. Other polymers can be used 
including polyvinyl alcohol, and the like. 

Preferably the fluorine-containing, ethylenically unsaturated monomer 
will be a vinyl monomer such as, for example, tetrafluoroethylene, vinyl 
S fluoride, vinylidene fluoride, monochlorotrifluorethylene, 

dichlorodifluoroethylene, hexafluoropropylene, and the like. More broadly, the 
fluorine-containing monomer can be described as 

CXY=CFZ 

wherein Z can be fluorine or hydrogen and X and Y can each be selected from 
10 hydrogen, fluorine, chlorine and CF 3 

The monomers that contain hydrophilic groups include those that have 
hydroxyl groups, carboxyl groups, sulfate groups, phosphoric add groups, 
amide groups that may be N-substituted, and amino groups that may be N- ( 
substituted, or the like. Monomers in which an alkylene oxide such as 
1 5 ethylene oxide or propylene oxide has been subjected to an additional 

reaction with the active hydrogen in these groups are also useful. Those that 
yield copolymers containing hydrophilic groups by performing first 
copolymerization and then saponification, as for example, polymers containing 
vinyl acetate units, are also useful. 
20 Specific examples of these monomers include vinyl acetate, acrylic acid, 

methacrylic acid and other such unsaturated carboxylic acids, as well as 
alkylene oxide adducts of acrylic acid or methacrylic acid, such as those 
shown below: 
CH 2 =CR 
25 j 

COO(C 2 H 4 0} n H /■ 
I 

CH 2 =CR 
I 

30 COO(C 3 H 6 0) n H 
I 

CH 2 =CR 
J 

COO<C 3 H 6 0) m (C 2 H 4 0) n H 
35 J 

CH 2 =CR 

I 

CONH(CH 2 )3NH 2 



WOW/14913 PCT/US95/0117S 

In the above formulae, R is hydrogen or a methyl group and n and m are 
integers greater than or equal to one and preferably one to twenty. 

The fluorine content of the fluorine-containing hydrophilic polymer used 
5 in the present invention may range usually from 2% to 60%, preferably from 
10% to 60%, and most preferably 20%-60% on a weight basis. On the one 
hand, if the fluorine content of the fluorine-containing hydrophilic polymer 
becomes too high, the hydrophilic properties of the polymer may be lessened, 
though the heat resistance may increase. On the other hand, if the fluorine 
10 content becomes too low, adhesion of the polymer to the porous fluoropolymer 
membrane may be reduced and the heat resistance may be decreased. 

A preferred copolymer for treating fluoropolymer membranes is a 
copolymer of vinyl alcohol and a fluorine containing monomer It can be 
obtained by preparing a copolymer of vinyl acetate with a fluorine containing 
1 5 monomer and then saponifying the acetate functions to hydroxy functions. 
The saponification can be carried out to the extent needed to provide the 
copolymer with hydrophilic properties. An example of such a polymer is a 
copolymer of tetrafluoroethylene and vinyl acetate. The acetate groups are 
then converted to -OH groups. These copolymers are more fully described in 
20 U.S. Patent 5,130,024 to Fujimoto, et aL, incorporated herein by reference. 

A typical tetrafluoroethylene/vinyl alcohol (TFE/VOH) copolymer 
treatment solution is a 1% (by weight) solution of TFEA/OH where the solvent 
is methanol/ethanol in a 4:1 ratio. The composition by weight of TFE is 25% 
and VOH is 75%: 

25 The filter cartridge can be any type of cartridge, and is not limited to any 

specific configuration. A representative cartridge is described in PCT 
WO93/09862. This publication describes a cylindrical cartridge having a 
cylindrical^ pleated filter medium. Other types of cartridges that can be used 
include ones using stacked disk filter media, hollow fiber filter media, and the 

30 like. A typical filter cartridge 20 is shown in Figure 3 which comprises a 

support structure made of cage 21 p end caps 24 and 24\ an interior core (not 
shown), and a filter media 23 shown in the cutaway section of cage 21 Cage 
21 has perforations 22 to facilitate passage of aqueous liquid. The nonporous 
thermoplastic strips are shown as 25 located at each end of the membrane 

35 under the potting. 

Referring to Figures 1, 2a, and 2b, to make the membrane with the 
nonporous strips laminated to it at each end, a strip of membrane 1 1 , 
preferably stretched porous PTFE obtained from W. L Gore & Associates, 
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Inc., is Jaminated along the edges of opposing sides with a thin strip of a 
nonporous polymer 12. The strip is preferably a thermoplastic such as a 
polyolefin, polyester, polyamide, or a f luorapolymer such as Teflon PFA r 
Teflon FEP, PVDF, and the like, by applying heat and/or pressure. A 
convenient method is to feed the strips and membrane between the nips of 
heated roll 13 and roll 14. A preferred strip is made of polypropylene. 

The membrane is then hydrophilized by treating the laminate with the 
hydrophilizing polymer. The hydrophilizing solution can be metered onto the 
porous filter membrane, thereby coating the pores of the membrane with the 
hydrophilizing polymer, as the membrane moves along a belt. 

The treated membrane is then dried, preferably in an oven. 

Alternatively, the opposing sides of the membrane can simply be 
densified along the edges, by subjecting the edges to pressure sufficient to 
densify the edges as shown at 15 in membrane 11 of Figure 4, Densification 
can be achieved by the use of opposing hard nip rolls or the like. 

EXAMPLE 



A sheet of stretched, porous polytetrafluoroethylene, about 18 inches by 
50 feet, was laminated along two edges with strips of polypropylene about two 
inches by 50 feet by passing the membrane with the strips on it through the 
nips of heated rolls, heated at 220*C and at a nip pressure of 50 psL 

A solution of a hydrophilizing copolymer was prepared by dissolving 
TFEA/OH copolymer in a solvent mix of 4:1 methanol/ethanol to obtain a 1 % 
by weight solution of the copolymer The copolymer was 25 weight % 
tetrafluoroethylene and 75 weight % vinyl alcohol 

To simulate typical cartridge manufacturing conditions, the above 
membrane, with the nonporous strips, was exposed to molten polypropylene 
beads at about 200*C. 

Integrity testing was performed by immersing the construction in water, 
applying air pressure, and measuring the flow of air through the treated 
membrane. 

Air flow through the construction was negligible. Such a construction 
when manufactured into a cartridge, would pass an integrity test in water. 

In a similar fashion, cartridges in which the filter medium is made of 
polyvinylidenefluoride or a polyolefin such as polypropylene can be treated. 
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WE CLAIM: 

1 . A filter cartridge comprising: 

(a) a support structure for a filter medium, and 

5 <b) a filter medium affixed to said structure, said filter medium 

consisting essentially of a hydrophilized porous membrane having 
the area where the membrane is thermally bonded to the structure 
rendered impervious to flow of air. 
2 A filter cartridge comprising: 
10 (a) a support structure for a filter medium, and 

(b) a filter medium affixed to said structure, said filter medium 
consisting essentially of a hydrophilized porous membrane having 
a strip of nonporous thermoplastic polymer covering the membrane 
in the area where the membrane is thermally bonded to the 

15 structure, 

3. A filter cartridge comprising: 

(a) a support structure for a filter medium, and 

(b) a filter medium affixed to said structure, said filter medium 
consisting essentially of a hydrophilized porous membrane having 

20 the area where the membrane is thermally bonded to the structure, 

rendered impervious to flow of air, by densifying said areas. 

4. The filter cartridge of Claim 1, 2 or 3 wherein the cartridge is in the form 
of a cylinder and the filter medium is a hydrophilized membrane of 
stretched porous polytetrafluoroethylene shaped in the form of a pleated 

25 cylinder, said membrane having a strip of polypropylene around each 

end in the area where the cylindrical membrane is affixed to the cartridge 
support structure. 

5. A process for making a filter cartridge which comprises: 

(a) laminating a porous membrane with a narrow strip of nonporous, 
30 thermoplastic polymer at two edges of said membrane; 

(b) treating the laminate with a hydrophilizing polymer; 

(c) attaching the laminate to a filter cartridge by thermally bonding the 
laminate to the structure in the region of the strips of nonporous, 
thermoplastic polymer. 

35 6. The process of Claim 5 wherein the porous membrane is stretched 
polytetrafluoroethylene. 
7. The process of Claim 6 wherein the thermoplastic polymer is 
polypropylene. 
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